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ABSTRACT 


In this paper, a statistical model known as the AMSAA 
reliability growth model, is evaluated by measuring how 
well it tracks various reliability growth patterns. These 
patterns are defined by specified sequences of failure 
rates. Monte Carlo simulation is used to generate test data 
based on a time-terminated test plan. Estimates of failure 
rates, computed using the AMSAA model, are compared with the 
specified failure rates. Results for 18 reliability growth 
patterns are presented in both tabular and graphical form. 
Four modifications in the use of the model are discussed 


with selected results of their application presented. 
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IT. INTRODUCTION 


Many methods of modeling reliability growth have been 
proposed and used with some success. Reference 1 contains 
a detailed discussion of reliability growth, reliability 
growth models, and describes several models that are 
available to the manager for use in meaSuring reliability 
growth in his program. 

The purpose of this study is to evaluate the accuracy 
of the Army Materiel Systems Analysis Activity (AMSAA) 
reliability growth model [Ref. 1] for systems which provide 


limited test data during the development cycle. 





Il. THE AMSAA RELIABILITY GROWTH MODEL 


The AMSAA reliability growth model is a statistical 
model that estimates reliability growth trends. It is 
applicable to systems for which usage data is measured on 
a continuous scale. 

As with most reliability growth models, the AMSAA 
model uses test data to estimate unknown parameters which 
are then used to estimate the reliability growth trend. 
References 1 and 2 develop the AMSAA model in detail. This 
paper addresses the use of the AMSAA model for sequential, 
time-terminated testing. 

Time-terminated testing occurs when each item is tested 
until failure or until that item has been tested a speci- 
fied amount of time. If an item does not fail before the 
planned test time, then a failure has not occurred and the 
next item is tested. 

For time-terminated testing, the AMSAA model [Ref. 1] 
provides the following estimate for the failure rate of a 
type of hardware unit (component, assembly, subsystem, 
system) at total accumulated test time T on that type of 


ima t : 


Ky > 
it 
™:> 
cn 
| =, 


where N = number of failures of that type of item to 
time T 





and 


total accumulated test time over all items 
tested when the j th failure occurs, 


welch xX . 


Using these estimators, the accuracy of the AMSAA model 


was evaluated for a variety of reliability growth patterns. 


lag 





eee Leo NG ROCEDURE 


Reliability growth models are often evaluated against 
actual test data. The problem with evaluating a model 
against actual data is that the failure rate driving the 
system at any one time is never known, it can only be 
estimated. 

The purpose of this chapter is to describe the test 
plan under which the analysis was made and define the test 
organization used. Figure 1 shows the relationship between 
the elements of the test plan and the organization of the 


testing. 
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Figure 1. Test Organization 
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fee LEST PLAN 
The key elements of the test plan used for the evalua- 
tion of the AMSAA model are described below. 
im Phases 
Tests were conducted in phases consisting of testing 
a specified number of items with randomly generated exponen- 
tial failure times :based on the failure rate specified for 
that phase. 
2. Failure Rates 
Each phase had a specified failure rate, which was 
assumed to be constant for the duration of the phase. The 
failure rates specified could be different from phase to 
phase. This set of failure rates defined the reliability 
growth pattern for a test, 
3. Items Tested 
A specified number of items was tested in each 
phase. In this analysis, the number of items tested was the 
same for each phase in any one test. 
4. Planned Test Time 
Each item in a phase was tested to failure or until 
the specified planned test time for that phase was reached. 
The planned test time was the same for all items tested 


during any one phase. 


B, TEST ORGANIZATION 
lL. Cases 
The AMSAA model was applied to 18 test cases where 


each case was defined by a set of failure rates and a 


L2 





specified number of phases, The general shape of the various 
cases, classified by number of phases and by trend of 
growth, can be found in Figures 2 through 5. Test phases 
are plotted, equally spaced, on the horizontal axis and 
failure rates are plotted on .the vertical axis. 
a, Set of Failure Rates 

Each set of failure rates defined a reliability 
growth curve which was then classified by its general trend 
of growth into one of two cateyories: 


(1) Non-increasing Failure Rates 
(Pigures 2 and 3) 


(2) Failure Rates that Increase 

at least once during testing 
(Figures 4 and 5) 
b. Number of Phases 

In addition to their growth trend, cases were 
grouped, for comparison, by their total number of phases. 
The two groups are those that have 16 phases and those that 
have 6 phases. 

(1) 16-Phase Cases. Cases 1 through 6 
(Figure 2) and cases 13 through 18 (Figure 5) were each 
defined by specifying 16 failure rates, one for each of the 
16 test phases, 

(2) 6-Phase Cases, The growth patterns for 
cases 7 through 12 (Figures 3 and 4) were defined by a set 
of six failure rates, Some of the cases reflect the same 
growth patterns shown for the 16-Phase cases, except that, 


the testing was carried out for only six test phases. 


13 





CASE 1 CASE 2 


CASE 3 CASE 4 


CASE 5 CASE 6 


Figure 2. 16-Phase Cases with Non-increasing 
Failure Rates 
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CASE 7 


CAS Deets: 


CASE 9 


CASE 10 


Figure 3. 


6-Phase Cases with Non-increasing 
Failure Rates 
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CASE 11 


CASE 12 


Figure 4. 6-Phase Cases with Failure Rates 
that Increase 


ils: 





Cot 13 


CASE 14 


CASE 15 


CASE 17 


CASE 16 


CASE 18 


Figure 5. 


16-Phase Cases with Failure Rates 
that Increase 


Ey 


mee Data sets 

Specification of the number of items to be tested in 
any phase for a particular case resulted ina Data Set. The 
number of items tested during a phase was the same for each 
phase of testing. Three sets of test data were generated 
for each case, one set each for tests with 5, 10, and 20 
items per phase. 

3. Tests 

The remaining element of the test plan, Planned Test 
Time, was used to define individual tests. Since the failure 
rate underlying the exponential test times was known, planned 
test times were chosen so that the probability of survival 
was such that sufficient failures would occur. 

a. Test 1 

The planned test times for Test 1 were generated 

so that the probability of survival for each item would be 
me 5. 

bee lest 2 

Test 2 consisted of generating planned test times 

Maetsines a probability of survival for each item of .99., 
This test was run to see how the model performed with very 


limited data. 
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Pee 1ODEL ESTIMATES 
1. Shape Parameter 
Using the test data generated above, the shape 
parameter for the model was estimated at the end of each 


phase, 1, using the AMSAA estimator: 


7a i 
Bs = N 
Meelitiis t=. 8IlnxX. 
nu ali ed 4 
J=1 
where 
N. ——MUnoer Omer a lunes shat OCecUIrred to. tne 
end of phase i, 
i MwewtOeal aecumnulated test time over all 
7 items to the end of phase 1, 
and A. = total accumulated test time over all 


items when the j th failure occurs 
with a small exception.” 
2, Failure Rate 
The model estimate of the failure rate at the end 
of the i th phase was computed in accordance with the AMSAA 


model as follows: 





: It should be noted that the estimate of 8 can only be 
computed when N.>1, If N.=1, the failure must not occur as 
the last item of a phase Since, in that case, T.=X., thus 
making 8 an indeterminate form. os 


IL 





This resulted in a set of failure rate estimates 
that was then compared to the set of specified failure rates 


used to generate the test data. 


B. EVALUATION CRITERIA 

The manager using a reliability growth model is inter- 
ested in two things, accuracy and variability. 

fee ACCULrAaCYy 

Accuracy measures the ability of the model to track 

a reliability growth trend. The measure of accuracy used in 
evaluating the AMSAA model was the failure rate estimate 
error as a percentage of the actual failure rate. 


This percentage error is defined as follows: 


= 
[rs er, | 
e. = —-——— x 100 : 
ne vee 
1 

ray e ° 

where r. = mean estimate of the failure rate for the 
> 1 th phase 

and or, = specified failure rate for the i the phase. 


This measure of error was calculated at the end of 


eaemephnase and used to trace the accuracy of the model over 





_ Sample may be less than the 100 replications simulated. 
see footnote 1, page 17, 
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all phases of each test case. This estimate error, as a 
percentage of the actual failure rate, can be found in the 
mebireted statistics for each Data Set of the tests con- 
tained in the appendices. 

wee Variability 

A manager, considering a reliability growth model 
for use in a program, will not only be concerned with the 
model's accuracy, but will be concerned with the variability 
of the estimates the model provides. 

The simulation used for this evaluation was repli- 
cated 100 times. The mean estimates used to evaluate the 
tracking and measure the accuracy of the model only have 
value over the long run. A manager, however, is primarily 
interested in the one real application of the model. He is 
concerned with how well a model performs for a single 
replication and is thus ultimately concerned about the 
variability of the estimates he gets from the model in 
addition to its tracking accuracy. 

The measure of variability used for this study was 


fmm@erstandard deviation about the mean estimate of the 


at 


“A 


failure rate, r. 


at 9 





S.D.(r;) = 


where K = number of replications that yielded 
estimates. 


fail 





As with the failure rate percent error, the standard 
deviation of the failure rate estimate is contained in the 


tabulated statistics for each data set. 
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eeceNERAL DESCRIPTION 
The results of the analysis are presented in the following 
manner. The output for each test is contained in a separate 
appendix to this paper. A data set is identified at the top 
of each page. This heading consists of the case number and 
the number of items for the data set. The output for each 
data set consists of two parts; the tabulated statistics and 
a performance plot. Figure 6 is a sample of the presentation 
of the results of a typical data set, 
1. Tabulated Statistics 

The input parameters, model estimates, measures of 
performance, and system status at the end of each phase of 
testing are tabulated for each data set. The values given 
are the average values over all replications for the data 
set. Figure 6 shows the format of the tabulated results. 
The following paragraphs describe each line of the format. 

a. Input Parameters 

(1) PHASE, This line indicates the phase of 

testing for the results listed below. Throughout the 
appendices, results for 6-and 16-phase growth patterns are 
presented. For 16-phase cases, the first 8 phases are 
tabulated above a row of asterisks. The same format is 


then repeated below the asterisks for phases 9 through 16. 
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Figure 6. Format for Results of a Data Set 
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(2) ACTUAL FAILURE RATE. This row consists of 
the sequence of specified failure rates that defines the 
reliability growth curve for the test case given in the 
heading. In Figure 6, the specified failure rates for 
Phases 8 and 9 are 0.1440 and 0.1330 respectively. 

(3) PLANNED TEST TIME. Here, the time to 
which each item was tested if it did not fail, is given. 
This number was based on the actual failure rate and the 
specified probability of survival for the test. This test 
time was the same for all items tested in a phase. For 
example, 10 items were tested in each of the 16 phases shown 
in Figure 6. Those items tested in Phase 8 were tested for 
feezoo Cime units or until failure. 

b. Model Estimates 

Gee MODER ESTIMATS. Line ¥ of Figure 6 contains 
the estimates of the failure rate provided by the AMSAA 
model (see Section IV-A) for each phase of testing. Refer- 
ring to Figure 6, it can be seen that the model estimate of 
the failure rate at the end of the 8th Phase of testing was 
0.1681 as compared to the actual failure rate of 0,1440. 

ec. Measures of Performance 

(1) ESTIMATE ERROR, Here, the estimate error 
as a percentage of the actual failure rate, is given. Again, 
Meeteneeat the results for Phase 8, the percent error of 


16.75 is found, This was computed as follows; 


295 





Deke dieeane Oo. DH 
a _—$—————— «x 100 = 16.74 
0.1440 
ieee terence in the two percent errors is due to the extra 
accuracy carried by the computer. 

eo ibe oho DEVIATEON. “The next line of 
entries is the standard deviation of the model estimate. 
This criteria is discussed in Section IV-B. The standard 
deviation of the model estimate for Phase 8 is 0.0685. 

d. System Status 

OP meeeoULAlive test EIME. Thas row contains 
the total test time over all items as of the end of the 
indicated phase. At the end of the 8th Phase of testing, 
51.176 time units of testing had been performed on the 
system. 

(2) CUMULATIVE FAILURES. The final entry in 
the table is that of total failures on the system to the end 
of the phase. As illustrated by Figure 6, an average of 
12.01 failures occurred over all replications. This means 
that, of the 80 items tested to the end of the 8th Phase, 

12 failed, 
¥. Ferformance Plot 
As an aid to eyaluating the tracking accuracy of the 
model, the specified failure rate and the estimated failure 
rate are plotted for each phase of a test. Figure 6 contains 


an example of a typical plot. 
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All failure rates are plotted on a scale of 0 to 
1.2. If an estimate is greater than 1.2, it is plotted at 
1.2 and is noted as a point "out of range". More precise 
values of the points plotted can be obtained from the tabu- 
Pieee Output above the plot. 

The phases, for each failure rate plotted, are 
scaled on the horizontal axis. By referring to the CUMULA-~ 
TIVE TEST TIME row of the tabulated statistics above the 
plot, the amount of test time on the system, to the end 
@eeee phase, can be found. 

For example, in Figure 6, the items tested had 
51.176 time units of testing at the end of Phase 8 and 
62.421 time units at the end of Phase 9. Thus test Phase 9 


consisted of 11.245 time units of testing. 


fet eol 1 

Gbesresults for Test 1 are given in Appendix A. Model 
estimates, made when cumulative test times on the system 
were less than 10 hours, had a high percentage error and 
large standard deviations. Testing more items per phase 
tended to provide better estimates earlier in the testing. 

1. Nonerincreasing Failure Rates 

As would be expected, the AMSAA model tracks growth 

patterns that approximate continuously decreasing curves 
(Case 1) better than those that have drastic step changes 
(Case 6), The model had a tendency to provide estimates 


which lag behind the actual value of the failure rate. 


ohe! 





This is reflected in the increase in percentage error during 
the latter phases of testing. As can be seen in Case 4, 
several phases of constant failure rate will cause the 
model to lag behind even moderate changes in the failure 
gel ee. 
2. Failure Rates that Increase 

As can be seen in the performance plots of Cases 11 
through 18, the AMSAA model has a tendency to smooth 
oscillations in the failure rate. This also seems to be 
due to the tendency of the model to provide estimates of the 
failure rate that lag the actual failure rate when the 
growth pattern makes large step changes. This characteristic 
can cause some large percentage errors and standard devia- 
tions in the later phases of testing when the failure rate 


increases for any reason. 


Set ool 2 

Test 2 used planned test times generated for a proba- 
Mbity Of survival of .99. This resulted in far fewer 
failures during the testing which severely curtailed the 
model's ability to track a reliability growth pattern, 

Appendix B contains the results for some representative 
cases. As in Test 1, a minimum number of test hours or 
failures is required for the model to make an accurate 
estimate. This requirement is not met when a high relia- 


Meerty system is being tested. 
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The results in Appendix B show a high percent error and 
a large standard deviation for the estimates made during 


the test. 


Pee toODITICATIONS 

As discussed above, the percentage error and the sample 
standard deviation of the model estimates were high during 
the early phases of testing and when failure rates in- 
creased. In an attempt to reduce this error, the AMSAA 
model was used in four modified test situations. All four 
tests used the point estimate of the failure rate 

number of failures during a phase 


Poe ae a ; 
P total test time during a phase 


It should be noted that the number of failures and the 
test time used to compute the point estimate are not 
accumulated over all phases but are only for the current 
phase of testing. 

The point estimate, oo » was used for any phase where the 
cumulative test time on the system was less than 10 hours. 
Once the 10 hour threshold was exceeded, AMSAA model esti- 
mates were used, These estimates were made using all data 
from the beginning of testing if the failure rate was not 
considered to have increased, The four modified tests 


differed only in their handling of increasing failure rates. 


29 





fm aSctimating Slope 
In order to determine whether the trend of failure 
rates was increasing, the slope of the trend was estimated. 
Two methods were used; 
a. 2-Point Estimate of Slope 


The slope was estimated using the point estimate, 
* 
“hel? 


which may have been from the model or a point estimate. 


ae for the current phase and the last estimate, 


Thus SeOle = a = 


Bae o->POint Estimate of Slope 
This method of estimating slope was used to 
reduce the change that the estimated slope would be affected 
by a randomly high point estimate. The slope was estimated 
using the point estimate, 25 ect inc seenente pase and Gene 
last two estimates i and — . The slope estimated con- 


sisted of two parts: 


ea bs and e Se ee ee 
For the estimate of the slope to be considered increasing, 
both parts had to be determined to be increasing. 
2. Determining Increasing Slope 
Two methods of determining when an estimate of 
slope could be considered increasing were used, The esti- 


mates of slope described above were tested in one of the 


ore 





following ways for each of the modified tests. 
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3. Modified Tests 
Figure 7 shows the composition of each of the four 


Mmearried tests. 
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Figure 7. Composition of the Modified Tests 
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The results of the modified tests are presented in 


the appendices as follows: 


TEST APPENDIX © 
MOD1 C 
MOD2 D 
MOD3 E 
MOD4 F 


Cases 4, 13, 15, and 18 are presented for each test, 
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Results of Test 1 


mites results of Test 1 for Cases 1 through 18 are con- 
tained in this appendix. Each case consists of ‘three 
Memeamoets, one each for 5, 10, and 20 items. The results 
are presented in two parts; the tabulated statistics and a 
performance plot. The elements of the tabulated statistics 
are described below. For 16-phase cases, the first eight 
phases are presented above the asterisks and the last eight 


are shown below. 


1. Input Parameters 
a. PHASE 


This line indicates the phase of testing for which 
the elements listed below apply. All statistics are as of 
the end of the indicated phase. 

fee ACTUAL FAILURE RATE 

This line contains the failure rate specified for 
the indicated phase, This failure rate was used to 
generate the exponential failure times used as data for the 
mode] . 

c, PLANNED TEST TIME 

This is the test time to which each item was tested 
if failure did not occur earlier, For Test 1, the planned 
est times were generated so that the probability of 


survival was ,85, 
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2. Model Estimates 
eee MODEL ESTIMATE 
This is the estimate of the failure rate provided 
by the model for the test phase indicated (See Section IV-A). 
3. Measures of Performance 
eee Gol EMATE ERROR AS 
PERCENTAGE OF ACTUAL 
FATLURE RATE 
These entries were computed as a measure of accuracy 
to be used for evaluating the tracking accuracy of the AMSAA 
model (See Section VI-B). 
Pee oAMPLE STD DEVIATION 
These values were computed as a measure of varia-- 
bility for the estimate error (See Section IV-B). 
fee oystem Status 
Pee CUMULATIVE TEST TIME 
The times listed are the total test time accumulated 
over all phases of testing to the end of the indicated phase. 
Pee CUMULATIVE FAILURES 
These entries are the total failuares over all items 


tested for all phases through the indicated phase. 
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BLabN€C TEST TIME 0.4063 0.3250 0.02709 C2522 C€.2709 Qeixs Co4C63 Se fl 
Beee. ESTIVITE 1.0049 0.5229 0.795% 0.8210 CeT1CC 0.6545 2.5741 C24EO4S 
Setiwet= EIaCk af 150-23 6657 32-57 18.7 12.33 20 6Sl aoe" 2 Eccl? 


BEeCENTETS CF ACTLAL 
FSTLARE wet 


SemPLE STC CEVIATICN Leleall 0.8713 0.4351 C.4529 C3486 Q.3:73 0.27770 Cee 897 


° O22 @28 22 242 2 O22 2 2424 OSS 2 SS OSG SF 2422828 SS 6 2EOO S48 2S 22SE8 SSE SSE SSE C4 2S 29 F264 2 SE 24 22 24 OSE SG 2SESH2 FS O22 ESE 48 2S 2S OS © FHSS F2T88 8 OTH = 


CLMLLATINE TEST TIl¥e 2.748 6-722 92225 11.362 12.39C7 16.516 2CecEs 23665 
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20 ITEPS 


Fra‘e 1 2 3 & 5 é ? 8 

ACTLUZL FALILLIE GATE C.4CCC 6.5cCcc 3.0600 €.7000 C6000 0.£¢Ccc C.4C°O €2271¢ 
PLAANEC TEST Tive 0.“C53 0.3250 0.270% 0.2322 C.77CS 0.3¢5C 064963 0.5417 
PCCEL ESTIMOTE 0.6868 0.6447 0.6320 CeO7)1 0.6484 0.6114 0.8£65 0.4782 
S¢erewste skICR AS 71.65 | 28.93 §.49 413 8.06 22625 36.23 §6.35 
PERCENTICE CF ACTUAL 

FZILLEE SsTEe 

C2rS_t SIC OSVISTICN 0.5254 0.4113 0.2714 €.2612 C.2£10 0.1962 C.1641 A.125E 
CLPLLSTIVE TEST Ties Tosa 13.447 13.470 22.792 27-821 32.€14 41.254 51.174 
CLPLLATIVE FalLUREs 321200 6e21CC §-0700 11-8209 14.£90¢ 17.64C0 Ze eeZCE 2G212GC 
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Prats 9 10 11 12 13 14 1& 76 

ECTLAL FSLILLAE RATE c.3cce 0.3¢€03 9 -309C €.30C9 C2360 Ce tece Con pele E€s267G 
PLANREC Test Ties 5.5417 9.5417 0.5417 €.5417 Ceol Gre Sie 0.£417 €.5417 
FEEL ESTIiwatse 904262 0.3918 0-37C5 €.3522 €.3414 0.3712 C2224 Co 216C 
ecqtwevs sage ss 42.08 30.é1 23.59 17.41 13.61 16.25 7.48 &.3> 
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Serecé STC CEVLIATICN 0.1645 2.0525 QeJENS €-c719 C.fe8E 0.C64: 0.0677 O.Cé5! 


CLPLECTIVE TEST Tire é1.12¢ 71-1C8 61.071 $1.Cac 2€1.022 116.4972 12€.$275 °30.55S 


CUPLLATIVe FAILURES 27.1590 30-1200 33024CC 26-1800 2$-270C 42-2CCG 4.1740 6P.C5eC 
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CASE 15 


Pracé I 2 3 4 3 6 7 8 
QCTULst FAILURE RATE 0217090 0.3000 0.0 £09 €-5000 C2000 €.2€C0 0.%C00 0. 2000 
PLAANEC TEST TIE 0.2322 0.5417 322504 €.3250 CoSl26 1.0252 0.4C63 O.S417 
MCCEL eStivareé 43462422 0.6972 0.1078 C3765 C.29358 0.1635 O.1SIC O-2181 
ESTims's f€aaca -#§ 6077.48 132-46 115.52 24-Tl 42.85 63.54 22226 27.31 
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FEILLEE RETE 


Sémene STC CEWTIATICN eoon0s6 026149 0-11C8 C.1281 C2782 0.1145 0.1773 Oe 2238 


SRBSES © SVS SHS 22 CS 22222222 SS SP CO OHO SSE C8 GOS Sees 2S 4 OO FE 2S 42 O22 SHST SOS OS OFF 2 OTE TE SSTPWS ©2788 CO 22 2H STS TSE GE2 2 ©2022 


CUMULATIVE TEST TIPE 1.C74 3-573 12.48 1$.$9¢ 23-722 32.225 32.112 35.575 
CUPLE ATIVE FATILLRES 0.7500 1.5200 222506 229500 3.7600 0 5200 5.1400 52S27C9 
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Pace 9 10 tl 12 13 14 Ls Lé 
ACTLAL FSTLURE BATE C.2C€00 0.1200 0.3000 €.3000 €.2000 0.1000 O.1cce 0.1¢C5°% 
PLENKEC TEST TIFE 0.8126 1.€é25 0.5417 C5417 C.EL2E 1.6252 1.6252 1.6252 
WCCZL ESTIMATE 0.2127 0.2C11 0.2208 €.2304 0.2295 ° 0.1959 0.1686 0.1518 


é EreCR éf 6.35 34.08 26.39 23-19 L4.7€ $3.6 €8.°S 51.&! 
ace CF aCTLaL 

Gate 
SéMFLE STC CEVIATICN 0.1544 O.L Se? QL T10 C.1586 0.1455 0.1124 C.C8S5 C.C7TT 
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CASE 15 


10 ITems 
BRALE 1 2 3 & 5 6 7 8 
ACTLSL FAILURE ARATE 0.7C0C 0.3000 0.0500 0.5000 ¢.2000 0.10C60 ¢ 4090 0.3000 
PLANNEC TEST TIPE 0.2222 0.5417 3.2504 0.3750 €.812¢é 1.4222 C.4Cé2 o £417 
PCCEL ESTIMATE 1.6614 0.4S41 0.0789 0.1567 C1448 0.1105 0.1385 0.1541 
€STIRSYE EarcrR as 137.34 64-68 57.86 68.67 27.61 10.47 65.36 4B .e% 


FERFENTECE CF ACTLAL 
FEILLEE BATE 


SoPFLE STC CEVIATICN 1.6267 0.5024 0.1076 €.3366 C.1564 0.C63¢ 0.¢357 0.9777 


Ep De 2 eet 6 OSS CSE SES OC S28 OEE SE SOS 28 2S 2S SES © 2 OO 28 2828-98 CE OO O29 228 STS OSES SOS OSC © 6 CSO OE SE SE oc OO OO SO OO oe 2422 O82 O28 STFS F272 


CUPLLATIVE TEST Tlwe 2.104 7-CE&3 37.101 40.105 47.666 62-576 6€.304 71.262 
CUPLUSTIVE FSITLURES 1.770C 3.35009 4.8900 €.3500 7.9200 9-3ECO 1€ .9800 12.5590 


SRO 2 OO OSS CSE — 28S SS2SE8 2FSS 6 2B FBSSTO8S 2S CO S48 28 2E2 2 OF OE SS OO S28 GO OC OS TSS 2 2 2S 2 8 OS OE 2 SO TESS © OSS © O OSS OSE SVG Ose eSeBVeeerT 22 


SSSSSCAS SES ASSESSES SPS SSSSHSSHSHSVSSHSHSSSSSS SSH SS ESS SSH SS SAS Sess esses S FSRSVSH VSR SHLVSesstSsest ago FCHHFa CEH Hest atenns se 


Prese g 10 1} 12 13 4 15 16 
ACTLSAL FAILLFE ARATE €.2000 0.2% 2¢9 0.3C0C €-3009 C-2C0C Ce1CC9 0.1L0CG g-1¢¢cs 
PLAANEC TEST TIKE 0.8126 1.€835 0.5417 €.5417 €-8126 1.€252 1.6252 1.@252 
MCOEL STI MSTE 0.1€00 0.1580 9.1742 C1838 C.1828 0.162 0.845 C1411 
ECTIMeTE =ERACR as 19.98 §.21 41.54 38.74 8.60 é2.15 46.35 41.12 
BERCENTSGE CF SCTLEL 

FAILLEE BLTE 

Sawer Ee STC CEvVLATICA 0.9893 0.0838 0.9939 €-CS$2C 0.C8é2 0.Céé7? 0.0547 0.C£29 


SDD DD ED DE BO SS ES SS SESE SSE OES OS OSE 2 CHEE SSE 22S 2 OS © OOS S28 8S SO OC O29 S898 2S £8 SE S 28 2 SE 8 OE SS BOSS OSS 2EOS OTS S2 


CUMULATIVE TELT TIME 7E.788 88.725 $3707 $8.702 1CE.24E eh lees) 136.257 151.152 


CLPLLATIVE FALTLURES 13.300 15.5700 17.1800 1€.66CC <€-1100 2 -€4CO 23.2906 24.E70C 
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CASE 15 


20 iiChs 

PHASE 1 2 3 7 5 6 yu 8 
ACTUAL FITLLEE VATE 0.7C00 0.3¢C0 0.0500 0.5000 C.2ccc 0.1200 0.4CCC @.3¢€00 
PLAANEC TEST TIPE 0.232 0.£417 3.2564 €.3250 C6126 1.€252 0.4263 0.5417 
MCSEL ESTIMATE 1.1&28 0.3203 0.0600 C.0928 C1123 0.1035 0.1308 9.i59C€ 
€STIPATE ExsCR 2¢ 68.98 1é.77 19.92 81.45 42.85 7.48 ¢7,20 3¢.c* 
PERCEATSCE CF ACTUAL 

FSILLFE aéTE 

f2hMeLe STC CEVIATICN L.327¢€ 0.19€7 0.0259 C2060) 0.0442 0.C3S7 0.04S3 0.C51S 
CLPLUATIVE TEST TIPE 4.272 14.288 74.066 80.098 $3.€3% 124.S11 132.24€ 142.278 


8 OS 2S Ge OOS S2@ @ SO 2S 8 OS OFS O@ OS28 2ES8 22S 2©SESS BO 2F OS 6 C2SS8S8 CE VBesF FTI TVSEFVOeE SF ETS SCSTFZE8STFVSOS — 28 2 OO oH 8 © OS SSF G2 2GeEGecTZsS oFe2q 


CLYLLLTIVE FAILURES 2.9500 3.85C0 9.0060 11.7600 14.&800 1a.05¢¢ 21.3209 24.4608 


SSO OS 282 28 @ 82S 2 OSE 2S2E2 ©2222 E28 6 SSE OSE OOS COGS 2 O2SO8 OCS8 SEF 8S SS 288 SESS SESE 68 SOE 2SE8SO9 628 SE 294288 OSE SS OSS CF 2 C8 COS STF OST 8S SS8 oeeTee 


TERT SE RPEPEPRERR ER EREE EER TES SERA SEAT ET RS ETE ERE LASER ER ERE RE RSE EETL ERE TER SES ER RSE REE RET ERE ETRE EASE 





Prace | 19 1k 12 13 14 1s 16 

ACTLSL FLILLIE ARATE 0.2630 9212¢C0 0.23000 €.3090 C.2000 0.1900 0.1¢¢90 0.1¢0¢¢ 
PLANAEC TEST TIvé 0.4126 1.¢@:5 0.3417 €.3417 CeE1L2E 1.6252 1.67252 1.€252 
WEBER ESTIMATE 0.15690 0.1332 0.1658 ¢.18006 €.1817 0.-1€2} 0.1675 62-1378 
EStiveTE ESRCR et 22-01 2-10 44.73 40.0] §.15 €2.12 472ES 37.7£ 
CEACERTSCE CF ACTLAL 

FAL(GFE s2Tt 

C2wecre STC CEVIATICN 6.0518 9.0485 0.0486 C0483 0.945€ 0.¢410 0.0322 G.C20! 
CUPLeaTive FEST TIVE 1§7.243 177. 242 187.247 197.196 212-194 2420273 z722286é 322.356 





CUPLLATIVE FATLURES 27.4C0C 30.4300 33.4109 2626690 2$e€1GC 42 .€6C0 4$ 4500 48.420C 
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CaS€ 16 





Sees 

Prate 1 2 3 & 5 é 7 8 
OCTLAL FAILUSE AATE € 24000 0.3£00 0.3000 C2500 C.cs5dc 0.C5C0 0.0£49 CEC CC 
PLANNEC TEST TIPE 024662 04643 0.5417 €.6501 222504 3.28C4 3.254 0.2709 
WCOSCL ESTIMATE 262716 2.3319 0.592% 0.4192 €.1€90 0.0749 C.C596 0.0749 
ESTIVATE ERRCR Bs 467.91 $66.25 97 246 67.66 119.0¢ &€.76 19.25 87.52 
PERCEATSCE CF acTheh 

FetlLee BSTC 

CAPELE STC CEVIATICN 4.76386 12.3516 0.5611 0.2692 C.C468S 0.049 0.C371 CocS06 
COPLLATIVE TEST TIME 1.878 3.669 60457 9.450 24.581 36.524 54.640 55.895 
CUMLLATIVE FAILURES C6300 1.6700 2.3800 3.1900 3.9200 4.é¢SCC 5 -43C0 6.21709 


TEPER ER PR REEE REE ETE PCR EP ET EVO REP EET STEYR REPRE TET EEE PEER E EL EL REE EVER ET Eee EP CREE REP EEE VER eee EET 


FRASE 9 1¢ Ll iz ul 14 15 1é 
BCTLSL FATLLAE RATE C.6C00 0.éCCO 9.5500 €.4008 €.25C0 0.1¢¢0 0.0500 G.CScc 
FLANNEL TEST TIME Ce27CS 0.27C9 0.2955 €.4063 C.é$01 1.€252 3.254 302434 
MCCEL sftivate €.9507 O-11€28 0.1335 C1486 Col69L ° 0.1440 3.-15¢7 2-CSEC 
EstIvets ExROR BF 84 .89 80.$3 75 65 62-66 35.97 42.55 116.38 31.9S 
Peaceatace CF ACTLAL 

FEILLGE A@ete 

SaveL 2 STC CEVIsTICN 0.0534 0.C822 0.9629 €.0892 6.659% 0.-C792 0 -C5l2 9.04¢3 


BES e eG Sew SS 5 = CSOs Bel 882 02 we Ree 2 Sew eee SS See ea Bee a a ee ee ea a Oe See SaaS a eee eS SS SS SS SS SS 
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Case 16 


10 ifers 
Peacé 1 2 3 4 5 6 7 8 
BCTLEL FAILURE RATE 0.4009 0.3500 0.3000 €.2500 €.0500 0.0500 Q.050¢ Q.é0C¢ 
FLAAKAEC FEST TIlE 0.4062 0.4643 0.5417 C.6501 3.2504 3.2204 222804 C2705 
WCCEL eSTIMATE 1.23927 Q.6CC9 0.4657 623459 €.1024 0.C&67 0.0523 0.6625 
EST°V2TE Erangr AS 248-18 71.69 $5 .2% 38.35 1€4.88 22246 &#eéé 89.2% 
PEACENTACE CF ACTLSL 
FATALEE GETE 
SarPPLré STC CENCATICN 202682 024395 0.250% C.1796 C.C450 0.0263 Q.C1&4 0.06246 
CUMULATIVE YEST Tire 3.724 7.587 12.941 14.95% 48.6883 7e.728 104.938 111.4é€§ 


BRO SSO SOSS OS 2S 2HIS S28 2 OSES 2 @ SS OC OC SS OS SS OCS CS OS SRPSVSSG8 6 SFE ESS OS SES 8S OS OSE SSE CE SC 2SOS S @ 22S BC OSSTS OSE 8 OSS 2 OOS GHGS OS 


CumuceTive FAILURES 1.6400 3.2700 429409 € 24409 8.C500 9.9600 10.77CC 12.120C 


Pe O22 O CS @ SC OSE @ OSS S28 2 OSE OC 8 6 OSES OSE 298 SS SS SS OC SS OC SS SSE OSE DOF S28 OF SC SESS BC OC SFE OS 2S SS OF SS 2 OSE S898 O2SES8 2S BHO SSS OOS SSS 922 @ 
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PrASE 9 1¢ Tt T2 13 14 15 16 

4CTL4h Faluuaée Aarts C.6CCO 9.-6CCO 0.5509 Ce2999 C.250C Q.1¢C0 0.950% 0.C500 
FLaPAEC TEST TIPE 622709 0.2709 0.2555 0.4962 Co#5C) 1.6252 3.250% 3.2894 
PCCOEL ESTIMATE 0.0791 0.95690 0.1133 C.1264 0.12347 Q-124¢6 Q.1911 On CETC 
EstTiveve ERRCR 3S 86.31 84.C0 79 249 69.4) 46.12 24.C% 1¢2.18 72.55 
BEACENTACE CF ACTL4AL 

FETLLME VATE 

arbre STE CevIaATICN 0.0286 0.0357 0.0409 0.90431 C.C438 Q0.03&6é CeC263 0.0220 


Swe 9S SES SS OS SS SS OOS PSS SS S23 OS SS SS SESS SSE PV S922 S32 se eo om] OS @e ee S@ SS 2 ee 8 2 oe SEOs Seo Ff ee SSS ee CO SS SSF FSS Saree oes 


CUMLLSTIVE TEST Tive 123.966 116.459 119.164 122.893 128.903 144.121 173.S1%1 293.605 


SE SD SS eS SS SSS BC SS SB SS SS SS SS OC @ SS OC @ OB BS SB PS 8 SSS 6S SSS C6 SSF COS OSE SS BC SC OC SSE 6 SSS OSC 2 O88 FSS SO HMSO SCE ST OFF Oe 
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CASE 16 


20 sTé& 
Prsctt l 2 3 * § é 7 8 
ACTLAL @SIL URE RATE C4000 9.3£00 0.3000 C-2500 ¢€.0500 0.05¢€¢ €.cs¢ca N.6°06 
PLAAKREC TEST TIRE 0.%063 0.4643 0.5417? C.6S01 3.2504 3.2£04 32.2504 C2705 
PCCEL ESTIMETE 0.5557 0.4452 0.3736 023996 0.C908 0.Cél3 0.05C6 9.Cé&77 
ESTiPeTE ERRCR BE 49.92 27615 24-54 23.32 61.51 23.é2 1.18 a¢.38 
BEACEATECE CK ACTUAL 
FRASLLIE S4Te 
SAPFLE STC CEVIATICN 0.4130 0.2285 0.153% C1179 CCI31LE Q0.€183 39-0146 0.0178 
CUPLLATIVE TEST TIE 72-4998 36.C$? 26-036 38.054 $8.276 159.210 228.639 223.662 
CLPLLATIVE FAILURES 3.9000 6eLECC 9.3600 12.3800 1S .1S¢C 1ad-1800 20.9ECS 23-920¢ 
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PRAte 9 Ic Il 12 13 14 i -o 

ACTUAL FATLURE RATE C.6CCC 9-6CC9 C.5500 €.4000 0.2500 C.1cc?d Q.05C0 0.€£00 
PLANANEC TEST TIVE C.2709 002 7C9 022555 C.4063 €.é5C1 1.6252 2.2504 3.2504 
WECEL ESTIMATE 0.3767 0.0595 0.106% Co1139 C1266 Q-1150 9.0663 9.0442 
ESTIVETE SanCr af 87.21 84 -S$2 80.66 70.26 49.36 18.5 $3.57 67-52 
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5 LTfers 
PRASE 1 2 3 4 5 é 7 8 
ACTUAL FAILURE RATE C.7009 0.0200 0.0509 G.0500 €.c50c 0.6CCO 0.6000 0.€CCce 
FLAAAEC TEST) TIKE 0.2322 322204 322504 222504 342504 0.27¢9 C.27CS 0.2709 
mCCEL ESTIMATE 321219 0.1046 0.0767 C.0553 0.6540 O-1C68 OoLéS? C. 2002? 
E<tivete fF aCR As 345.58 109.20 53.34 10.56 7.96 SL.ET Usha 66.6% 
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FeLLuse xeTe 
SarPFLE STC CELATICN 4.3245 0.1278 0.101 0.20368 C.c37t S.-1726 Dezsré C4268 
CUYLLSTIVE TEST TIvé 1.074 Lé~- 100 31.132 46.144 61.039 62 2342° 63.5484 64.847 
CUPLLATIVE FAILURES 0.7300 1-6£00 2 -4C00 2.1800 39800 47500 §.SéCcc 6e230C 
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Praece 5 10 Ll t2 13 14 15 Lé 
ECTLEL FRILUZE RATE ¢.6ccc 0.0£00 0.0506 €.050C C.0500 0.CS00 6.9559 6.0506 
FLAANEC TEST TIVE C.27CS 3.2504 3.2504 7.2504 2.2504 3.Z7£C4 3.25¢6 3.2634 
MCOEL ESTIMATE 0.2253 0.1140 0.3533 C.03802 0.C722 0.CéSC 0.0672 9.C632 
ESTiweve ~gs3ee as 62.44 128.C8 87.77 £0.56 44.43 27.521 24.27 2é.31 
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CASE 17 


Brace 1 2 3 4 5 é 7 8 

BCTLAL FAILURE RATE C.7C00 0.0500 0.9500 ¢.0500 €-¢500 0.éCCC C-6CCO C.60943 
FLAAREC TeST TIPE 022322 3.25C4 3.250% 2.2504 3.250% Ce2709 0.2709 C.27CS 
WCCEL ESTIMATE 1-8146¢ 0.6566 0.9405 C 20444 C6445 0.0707 Q0.08S7 0.11462 
ESTImzTE =KACH BE 1§9.43 13-12 19.clt 11.24 11.08 ee.21 5.06 86.44 
FEACEATECE CF ACTUAL 

FEILLEE S27 

SémS_cE STC CEVIATLICA 3-5101 0.0£80 0.0252 €.0368 0.0333 Qo.CSséc Q.12%4 Q.1S91 
CLPLLATIVE TEST TLIFE 2-147 32.2677 62.841 $2.878 1226943 125. 4S0 12€.C1¢ 139.335 
CLPLLETIVE FAILURES 1.4200 2-650 #1200 §.6390 72e140C 8-£SCOQ $-87C90 11-1SQ0¢ 


DE re OD OD BD 8 DS BD BS BD BD SD DP BD SD SS SS SD SE BS OB IS OS OS SEES SEB OS 8 2 2 2 2S OS SESE S2S2 8 OS 6 OSB SSS OC SSS @ 2 2 S24 282 OS DOS OF SO OS SS as SSeS 


TES ERE MER MERE T EUR UE ET PERSE RETEST ESLER ERE ER TEER RE URE CECE EERE EEE ES REPRE ER RSEERRRERER TERETE ETERS RET EL 


PRELSE 9 10 11 12 13 14 i 16 
ECTLSL FSILLRE RATE 0.6CCO 0.05¢C9 0.0500 €.0500 €.0500 0.0500 0.0590 c.csd0 
PLESNEC TEST TIPE 0-2 709 322564 3025C4 322564 322564 3.2504 322534 322504 
PCCEL estivarés 0.1420 Q0.0$33 0.07382 C.0692 C.C4651 © O.C409 0.C57S 0.€C559 
ESTIPETE ERRER eF¢ 76234 86.69 56.52 38.39 26216 21.75 Tze t2 16.2% 
BERCEMTSCE GF aCTUslL 

FELLLFE FATE 

S2¥FLE STE CEVIATICN C2162 969514 0.2361 C.9275 C.C237 0.¢220 920199 Q.€16é 


PPPS SSeS So SS SSP SSA S29 SSS 2 OT ESBS 2S SO SSOSS 225 SSE SET Ses eseGt@os st Ss 2 Sst SG SP ea eSB C FS TO SSP So Sens sS See ee p_wereoeaet Fe SBaenean 


CUPLESTIVE TEST TiKe 133.023 163-148 193.286 223.606 252.301 282.464 313.431 243.622 
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Case 17 


20 :Teér$ 
Peace l 2 3 4 | 4 7 8 
2CTRLL FaILLRE RATE 6.7000 0.02C€0 0.0500 €-0500 C -CS0C 0.6CCo Ceecce Gaécos 
PLAANEC Vest TIRE 0.2322 3.2204 322504 3.2504 3.2504 Ce27C9 Ceo27CS C2705 
PCCEL ESTIMATE 1.0939 0.0455 0.02938 €.€379 €.C373 0.0$33 C.O07¢S C.Casé 
ESTIMETE ERRCR Bf $6.27 C58 2024S 24-12 25.47 91.12 €8.1S 82.23 
FPERCERYTACE CE ACTLAL 
FETULs&e Fete ; 
C2PELE STC CEVIATICN 1.0963 0.0273 00-0214 €.0182 0.9144 9.-C231 €.C3C4 0.0272 
CLMLLATIVE TEST TIVE 4.301 64.276 124.450 184.981 2452142 25C0.1&4% 25%.1€C 265.2155 
CLPLUCELVE FAILURES 22-9200 6.0<C0 8.8500 11.8100 14.7099 17.7€¢0 <9.-7900 23.é5CC 
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PRace S 10 11 12 13 14 15 16 
SCTLEL FRILLRE RATE €.6000 0.08€0 9.0500 €.050C ¢.¢$00 0.¢5¢0 0.9%0¢ 0.¢59% 

FLANNEC TEST TIPE C.2769 = -3..28C% = 3202604 = 2 2504 2.2804 3.28C4 362506 3.2956 

PCCEL ESTIMATE 0.1058 0.0868 0.0755 0.0682 €.C637 «= 00 CZ91 «=O CETL = 9 C50 

ESTIMATE ZRACH as 82.26 73.63 $0.98 36.43 27.31 18.2¢ 14.11 1¢.¢? 
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FLILLFE BETES 

Cave, STC CEVIATICN 6.9413 0.0298 0.0232 ¢€.¢19% 9.0164 0.€14 9.0136 3.9123 

CLYLLATIVE TEST TIVE 265.205  325.C17 385.302 4456457 $95.314  £65.518 628.922 685.722 


CUMLLATIVE FATLURES 26.350 29-4800 32-5000 25.4700 78.260C 41-25C0 44.38C0 7.3309 
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Ccas€ 18 


§ LfEes 
Prast 1 2 3 & 5 6 7? a 
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WCCEL ESTIMATE , 1.8200 0.9€81 0.6653 0.-52%6 C6056 0.7648 o.76¢8@ 0.8233 
ESTimaTE ERSCR as 5C6.67 222.69 121.78 74.86 13.45 $26 12.97 19.04 
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CUPLLATIVE FAILLZES 62820C 7.5309 8.27006 $0700 $.92006 10.¢2C0 IL .2cc¢ 12.9100 


eee ee OO ee Ow OS ee ee Se 2 OTE 8S See Cee 2 a2 eee Oe wee Ss cae Oo oc aw 2 eee eS 





Se OP ap co co epee Ge ates so oe ee ae 


1c . 75 6. 12.25 16.09 
Lie : @OHSTOF SSS 1EOHHOTTISFOETEE HESS EHTS EEHES SHEET OE HHH GE THE HED OHFEE OED SESE HL OSESRURETERe 
r 4 i e i 1.29 
e 
® hd 
® 2 
a 
e * = SPECTFIEC FAILUSE MATE = 
e 
a eo ® PEAN ESTIMATED FAILUGCE KATE a 
a 2 
1.C¢ ‘ . 1.00 
® . e 
2 2 
® » 
“ae - = 
ps ¢ : i 
i) ) 
~ Ge EC : e ° Gen 
= a 
4] e ° 2 
-_ 2 s 
a e ° r 
e ) % + a * 
re e s 
a . s s 
a ; ° ie 
a a 
= C€-€éC ; e e : £269 
mw Q be s 
ol » 3 
: : : 
~~ a 
: : : 
a 2 o 
= ¢ « 
= pene: ° : ¢ ° ¢ 5.40 
Y Y e 
a ; 2 
w a 
* 4 » ® ° 2 
% ° 
9 e 
i e 
a e s 
CosC 8 a + C220 
a 2 
* 2 
r A ry 
a r 
2 5 ° 
» eo ® 
» > + ° s 8 
e e 
¢ » 
Gare ° he Gies 


SCH rp SO~ SHH PSEKETTHIBSH Sle SHHHHH STS CFABSBH COST OLEH MSEVABSEDHEVOESCRE DS EBMHO OHO EBD ECE DOROL DB LOs 


4-40 4.15 3.36 12.25 le.CJ 


ALPEER CE FCIATE CLT OF RENCE @ l 


PHASES 








Case 18 


1Q ste s 

PRASE l 2 3 4 5 é 7 a 
ACTUAL FATLURE RATE €.3CQC Q.3CCd 0.3000 €.3000 €.7000 Q-70CC Q.7¢€Ca 0.7900 
CLAANEC TEST TIME 6.5417 0.5417 0.5417 G.5417 € 27322 G.2222 0.2222 022222 
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CASE 186 
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Peace i 2 3 4 5 6 y 8 
ACTL4AL FATILLAE RATE €.3CaCc Q0.3¢c¢0 9.3900 €¢.3000 €.7000 CereGiGc c¢.70C0 0.7600 
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VON IB BDA. Is 


Results of Test 2 


This appendix contains the results for Cases 1, 3, 7, 
and 18. The planned test times were generated for a pro- 
Papelity of survival of .99, 

A detailed description of the format of the results can 


be found in Appendix A. 
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Case 1 


10 Ter? 


brace l 2 3 4 5 é 7 8 

ECTRSL FLILLEE BATE €.7C€20 9.4249 0.3201 €.2550 C.213C 0.1€2¢ C.161C L144 

FLAPATC VEST Otel 0.0142 Co€022 0.0214 €.C354 C.C472 0.CS4s 0.0¢24 CoCCSE 
MOO ODOR OOOO HOCH O OOO SOR SOS EASES OS OSOOREDOC FOS ESS SS SOO ODS ADDR CO OD DOE DOE rE se even ee ee @ heaawewe 
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CASE t 


20 [Tees 
Prate I 2 3 4 : ¢ ? é 
OCTLULt PAILLFE GATE Co7CEC 9.424 0.3200 C.2250 Geels C130 O.1€1¢ Go 144C 
FLAPREC TEST TIPE FeI143 0.0422 920314 €-039% €.C4172 CoC24S 0.Ces4 O.CESE 
PCCEL ELtiwasreE ToIELT 4.5426 1.9222 2.6595 1.C3aé Q.6C48 0.427¢ C.27CEé 
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Results of Test MOD1L 


ie fest MODI 

Test MOD1 used the AMSAA model to estimate the failure 
rate of the items tested except as described below. A more 
detailed discussion of the modification can be found in 
Section V-D. 

Use of the AMSAA model was modified as follows: 


a. The point estimate of the failure rate, 


number of failures during a phase 


P total test time during a phase 


mremsced whenever cumulative test time over all items was 


jess than 10 hours. 
b. The slope of the reliability growth pattern was 
estimated using the current point estimator, ry and the 


”~ 


previous estimate, rey > of the failure rate as follows: 
SEOrE = Yr ae se 


Increasing slope was then determined from the following 


relationship: 
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=) 
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neWZ 








If the slope was increasing, the point estimate, oe was 
used as the current estimate of the failure rate, Then, 
the AMSAA model was reinitialized, that is, time and failures 
prior to an increasing slope were not considered in future 
estimates made by the model. 
2. The Results 

meemlts for Cases 4, 6, 15, and 18 are presented here as 
representative of the effect the modifications had on the 
performance of the model. A detailed description of the 


format of the results can be found in Appendix A. 
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PRace 1 2 3 4 $ é 7? 8 
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SCTUSL FZILLHE ASTE Ge7CCe 0.3¢¢9 0.95600 c.39006 C2900 ¢-e1°C0 0.4CCC C.77I0 
PLAAREC TEST TIPE Oe22¢2 02417 3.25¢C4 €.3250 CoE12é 12¢#252 064C6#3 Ceotet? 
PCCEL ESTIMATE 120392 0-.5¢€81 0.0721 €- 5402 €.3202 0.2040 € 5040 0.4673 
ESTIPETE EFFCE ee 48-46 65 236 46226 8.0¢ «C.CS 1€62.9¢ ete SS iS TU 
REACEATSCE ¢F ACTUAL 

PELLLEE SeTé 
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20 ITERS 
race 1 2 3 4 | é 7 2 
ACTULL FAILURE RATE 0.7000 0-2¢C0 c.csoc €.5000 Ce2¢cc €.1CC0 0.4200 Aer SHAG sl 
FLANREC TEST TIPE 622222 05417 3.2204 € 23250 €.8126 1.€232 Co4CE2 02417 
PCCEL ESTIMATE 0.7€22 0.3412 0.0621 C4766 C.248C C1382 0.4525 C.2518 
EASTIVZTE EFRCA ABS 6.89 12.75 24.25 4.68 72.S9E 26435 13.37 30.55 
BERCEATSCE CF ACTLat , 
PEILLFE Fete 
S2mFre STC CEVLATICA C4205 O.se45 0-0276 C.3C83 Co2174 O.CEES Cee€ 24 GezZéT7 
CLPLLATINE TEST TIME 4e272 14.7288 74.066 €0.098 $2.034 124.811 127.24¢ 142.278 
CLPLLATIVE FatLURES 2.3500 5.920 9.0000 12.760 14.72¢6 1@.c2¢c 22 222cC FH .o2NC 
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S ITEMS 

Se ASE l 2 3 4 5 é 7 8 
ACTLAL FSILURE RATE C.3c0¢ 0.3¢¢0 0.3000 €.300C €.706C 0.7¢¢0 0.7¢c¢€ C.7CCC 
BLEANIC TEST TIPE 00-5417 9.5417 0.5417 Co5417 6.4322 0.2322 C.2722 0.2222 
PCCEL ESTiIMETE 0.6856 0.5¢¢7 0.6498 €.5517 €.87C0 1.¢71é 1.4143 1.472¢€ 
oESTIMZTE ERFCR 2e 128.$5 88.90 116.60 $7.23 242E E1.€¢é 162.-€4 11¢.2 
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ACTLEL FLILUFE FATE Ce4COC 0.4CECC 0.4eC¢6 €.400C¢ C.eScc Q0.csc¢ C.0sc0 O.C5Cc 
PLERREC TEST TIPE 060-4063 0.4%¢€é3 0.4063 € 4063 2.2504. 3.2564 2.25C4 32-2204 
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CASE 38 


10 ITEPS 
Pr ace 1 2 3 4 € 7 8 
ACTUZL FSTLUAE RATE €.3¢00 Q.3¢€00 0.3600 €.3900 €.700C C.7CCO Samar he bas Co 7cc 
BRSANEC TEST TIPE 0.5417 0.5417 Q.5417 C.S417 €.2322 0.2222 Oec2i2 C.2322 
PCCEL ESTIMATE 0.4091 0.2625 €.%506 Co 4797 C1848 Q.S5E&Cl 0.d77C 0.9473 
ELTImeve ERNCR ae 36-2€ 2¢.$7 50 21 5$.8S 1z.08 2442 22628 ae edie 
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PLEILLFE FET 
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CASE 18 


20 tTcre 
Pract l 2 3 4 5 € 7 8 
ACTLEL FEILLRE RATE Co3CCC 0.30C0 6.3000 €.3900 C.7000 O.1CCe C.7CCC C.7CCe 
FUSAREC TEST TIME 0.5417 0.5417 0.5417 €.5417 €.2322 C.cic2 C2222 C2222 
eCCEL ESTIMATE 0.4185 0.3619 0.4095 €.3681 C.7206 CG .7865 C.7496 0.7502 
ELttaete EFFCK as 39 24S 17.25 36 250 22.7¢ 2.54 lZezé T.CE Tala 


PEACESTECE CF actus 
PLTLLFE FETE : ; 


SAPELE STO DEVIATION 0.2505 0.1970 O.2SEE C.1911 C 22467 0 24426€ 0.4265 C.2S5C* 


SE ED SSD BED 2 SSO SSS 2 OSS 2 CSS SEO SF 2S 8 SOS OS 8 GTS SESS SEOSGT TT 22 Oa as eu ee eunenven seececha e22@2ee © Oe SOS Se T Fee wT FF - PP 2 
CLPLLETIVE TEST TIPE. S$ eSSE 19.S&6 29.890 25.5CE 44.206 46.472 52.744 374075 
CUPLUSTIVE FAILURES 3.0300 5 2SC00 Sel EOC 12.0600 ¥4.E1CC 17.$$CC 23.020 73.¢5CC 
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CRORE RPE RE RES ERIE REE EERRER ERE RER ECE EE PERE EP SREP TEEPE R ERE TE SPER EERE SERS ER ETRE EEE ESI ET ES) 


FRESE 9 10 ll 12 13 14 1¢ 1é 

OCTULL FLILUSE RATE €.4CCC 9.+C390 0.24000 ¢ 4000 €.0500 Q.G5C0 Q.02CC GacsGec 
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APPENDIX D 


Results of Test MOQD2 


ieee Lest MOD2 

Test MOD2 used the AMSAA model to estimate the failure 
rate of the items tested except as described below. A more 
@etarled discussion of the modification can be found in 
Section V-D. 

Use of the AMSAA model was modified as follows: 


a. The point estimate of the failure rate, 


number of failures during a phase 


total test time during a phase 


was used whenever cumulative test time over all items was 
less than 10 hours. 

b. The slope of the reliability growth pattern was 
estimated using the current point estimate, ae and the 


previous estimate, eee of the failure rate as follows: 


1 ? 


> 


P 1-1 


Increasing slope was then determined from the following 


melationship;: 


Pp i-l 


Las 





If the slope was increasing, the point estimate, r5? was 
used as the current estimate of the failure rate. Then, 
the AMSAA model was reinitialized, that is, time and failures 
prior to an increasing slope were not considered in future 
estimates made by the model. 
mae ne Results 

Results for Cases 4, 6, 15, and 18 are presented here as 
representative of the effect the modifications had on the 
performance of the model. A detailed description of the 


format of the results can be found in Appendix A. 
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CasE 4 


§$ lters 

Pract 1 é 3 4 5 é 7 e 

OCTLUSL FRILLEE Bate €.7C00 0.5£C0 0.4450 C.405C ¢.4CCC 0.4¢eC¢C C.4CCe 0.“C0¢ 

FLAADEC TEST TIPE C.2222 0.2985 6.3824 €.4033 €.4CE3 0.4C6é3 C.4C62 0.4062 
~PCCEL ESTIMATE 123264 Le3lE& 0.9675 C8075 €.6067 0.7462 Oo 77E7 C. 7a 

EStieete EFFCR 2s 99 249 139.74 1272€4 $9.37 L€lL.é@ EE .SE 4.6 $é¢.C3 

PERCENTECE pe SC TLSt 

PETALFE PET 


SQveu™ STC CEVIATICN 0.6579 0.7415 0.6545 €.4593 CsSES2 0.4834 0.4941 C.£22¢ 


SSO S28 OO OSS SESS 8S SS 2 CO O28 SB CHS OS 2 2 OE OSSS98 2 PS228 22S OO 224 294 2 2228S 428 282 2e2ee0 eS a ee a ee oa S@ee £282 2 e2e2e2 @2867028820 


CUPLLETINE TEST TIME 1.C74 2-416 4e<C2 €.C4S 7.942 $2242 11.¢97 $3.%8C 
CUPLLETIVE FaTULRES C€.6400 1.42C0 2.02C¢ 2.8900 32500 4.15¢C 4.9CC0 S17 
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Pract S 1c 11 l2 13 14 1s 1é 

BCTLEL FSILLRE RATE C.4Ccc 0.4¢€¢C 0.4000 C.4090 €.3750 0.2000 Co1ccee c.csee 
FLARAEC TEST TIME 0.4CE2 0.4€63 C.4C63 C4063 C4334 C9126 L.é252 3.2504 
PCCEL ESTIMSTE 0-86182 0.8239 C.7S2a C.9124 C7898 0.484E Je2SC6 C.2221 


GercPev€ EFPCE es 
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CASE " 


10 ITERSs 
BRASE l 2 3 4 5 é 7 o 
BCTLSL FAILURE RATE €.7¢CO 0.5£C9 0.4250 €.4050 C4000 0.«Cce C.4Cce C.4CCC 
PLEAREC TEST TIME 0.2322 O.2S55 0.3€2% €.4013 C€.4C63 0.4€63 0.4C63 924C6? 
PCCEL ESTIMETE C.973S 0.7546 0.5621 Ceé2Zte C€.5517 0.5162 0.533¢ 0.4«S92¢ 
E<trperve EFacCA e¢ 29 i323 44.48 32.50 . 54-94. 27293 25.CE 22.24 22225 
ere. ecTusr 


STC CEVIATICN 0.6C85 0.5476 0.3205 €.6933 C.2743 0.2771 C.3637 0.3044 
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Prace I 2 3 4 3 é q a 
ACTUSL FSLILLAE ARETE C.7CCO 0-3¢€CG 0.0200 €.5000 C.2cC c.1ccc 0.4CC°% C.274CC 
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Case 15 


10 ITEP? 
Prete 1 2 32 4 5 € 7 eg 
ACTUSL FALILLAE BATE €.7¢c0 0.3¢€C0 0.0500 € .§090 €.20C6¢ 0.1¢C0 6 .4CCC €.20¢¢ 
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CASE 15 





20 1TEPRS 
Phase i 2 3 4 5 ¢ q A 
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Case 18 
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10 LTer? 
PRASE 1 2 3 4 3 é 7 £ 
ACTUAL FAILURE RATE c.3coc 0.3¢CC0 0.3000 0.3000 c.7c00 0.7¢¢9 C.72CC Fe7lec 
Busahnec TEST TIVE 0.5417 0.5417 C.5417 C.5417 C2322 0.2222 Co22ce C2222 
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Case 16 


20 ITTERS 
FrATE 1 2 3 4 5 é 7 & 
ACTLZL FATLUGE RATE €.3ccec 0-3¢CC0 0.3000 C.300C Co 4CCC C.71CCC 0.7CC0 C.7096 
FLAAREC TEST TIPE 0.5411 0.5431 0.5411 C5417 C.2322 Ce22c2 C2222 C.2322 
PCCEL ESTIMATE 0.3215 0.3¢10 0.4C&9 €.3709 €.7200 O.TESC 0.75<zé 0.7455 
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SASS SASHA IEMAA AHA AAHSHAASAAA AAS ARE AAARHSHRHAAE AH HSHSHSHSS AER HROHOHVRASAHESAAAHHHECHA SHAE AKA ASHER AS HVS SeesasedAdsetetgsea21s9sds 


Frave 9 1c 11 12 12 14 We 1é 
ACTLAL FeILuAe Aare C.4C0C 0.4C09 0.4000 €.4000 €.c5C0 C.CECe €.Ctce G.c*co 
FLAAREC TEST TIPE 0.4Cé? 0.4C€é3 0.4€é3 €.4C43 3.2564 3-<tC4% 2.25C4 2022C6 
WCCEL ESTIMATE C.5C77 0.4649 0.4644 6.441% €.0807 0.C547 0.0681 0.Cé1S 
ESTYesvTe ERECR es 26 62 1é.¢1 z1.11 10.35 €1.5¢ $-26é 2€.2$ 23,8C 
FeACEATACE CF ACTLéL 

PEILLEE BETE 

CemrPLéE STC CEVIATICN 9.3717 0.2441 0.2372 €.2282 € C833 Q0.C2S¢ 0.02¢é Gera. 


28 O82 O88 oS 8 OSS 224 OO S29 282 2S SS BS 8S 8 oe Se 6 ee eS SE SSS SSE 2S S28 22296 8028 422424282 SSSE85E2 2ST SSS SSO SSVFZ FSG SS SSS SSS S95 Sess = 


CLPLLETSVE TEST Tide €4.569 72.-C€92 792547 €1.€97 147.562 <OE.Z26 2€7.726€ Potees 


SO e © 22S 2 2 SS © OSE O2SS2T 2 2 OE SS 2 OSS 2S 28 2S SSE S28 2 EO 8 2S 28 SES © OS OC OO 228229 S28 2S 28S 2028 OES 4 22 2E E28 2O S229 8 SBS SESF CX O42 SSS 22 


CLPLLZTIVE FAILURES 26.91C0 29 -8€C0 33-L1CC 2€.0300 ZEETCC 41.24CC 44.¢2€0 467.2CCC 


SSE 28 242804 2282 2 2E8 S28 22 224 22 SEO SSE SE SSO So 22S OS @ 2 6SE S82 2S SE CO Be 2 8 22S 82 O O22 ES 422 222 22 @ O28 228 2 Gees 20 Bee FOS*X G1 GEt DBO ts a 


1.¢C€ 4.15 8.%6 12.¢2 1é€.€€ 
PReSAHSASS SAS EAT ATT SSS S CST AT SHA SS SSSR AES SAS AER SHSSSHSHSS ESHA SHESHA SE CLUS HHA SESE ST UBE SEs gare 
eal ¢ 4 1.793 
r * 
e » 
s t ] 
s e 
s s 
® s 
; @ » SEECIE°EC FAILURE RATE ss 
° A wCan CCT vat FACLLAE RATE ° 
bce 4 ra Ned ‘ 1.9 
® * 
o * 
e s 
o s 
gai q ® 
¢ s 
= : : 
=z 4 s 
ei : e 
« C&C : : . C.*9 
= 4 7 ® 
< ; ” : : 
s od o > 5 s 
oa 2 ® 
S : : 
o s 
= 4 a 
= CoeC 8 ¢ C.€C 
w : Ps 
uw s e 
» * 
= e s 
4 s 
x * : : 
~ « e s 
Qo 4 4 ® 
uy ry s 
= C40 8 iy r) 4 4 4 e C.“€ 
= 8 e s 
SI e 
= ; ° ; 
ww 4 e s 
te r 4 4 be 
) s 
s o 
® o 
® s 
Gas€. -s ° 225 
e o 
o 8 
tI] s 
i s 
® s 
9 ‘’ e 
@ s % o s @ 
r) ° 
® ° 
€-¢ 4 + C22 
GREASE KSHH HHT LASS HTAHHR4ESCHSH AHHSS EHHUSHHT AT eA AESHSESHSH SAHRA EH ETRE AHHH EDD RSDL SHE see 
1-C€C &eit 8.5¢ 12e2£ 1é.¢¢ 


Pears 


129 








APPENDIX £ 


Results of Test MOD3 


ielLest MOD3 

Test MOD3 used the AMSAA model to estimate the failure 
rate of the items tested except as described below. A more 
detailed discussion of the modification can be found in 
Section V-D. 

Use of the AMSAA model was modified as follows: 


a. The point estimate of the failure rate, 


number of failures during a phase 





P total test time during a phase 


was used whenever cumulative test time over all items was 
less than 10 hours. 
b. The slope of the reliability growth pattern was 


estimated using the current point estimate, a and the two 


~N 


previous estimates of the failure rate, r._, and Laos The 


slope estimated was in two parts, 


a) 
Cal le SS on 


> 
] 
> 


The estimate of the slope was considered increasing if both 
parts of the estimate were determined to be increasing as 


Sol lows: 
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and 
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FO <4 


by 


If the slope was increasing, the point estimate, ry was 
used as the current estimate of the failure rate. Then, 
the AMSAA model was reinitialized, that is, time and failures 
prior to an increasing slope were not considered in future 
estimates made by the model. 
2. The Results 

Results for Cases 4, 6, 15, and 18 are presented here as 
representative of the effect the modifications had on the 


performance of the model. A detailed description of the 


format of the results can be found in Appendix A. 
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CraanEC VEST TIPE 602222 0.2222 Ve2222 C.2222 €.2322 C.4Cé2 0.4C€é3 C.4€62 
WCCEL ESTIMATE O.72521 O.€212 0.7828 € 7842 CeTLSE o52EéC 0.4é lé Co 4226 
ESTIP2TE EFRECR es 3.5€E 13.86 12.82 | 122.02 2282 31.45 12.36 12.4¢ 
BPERCERYVECE CF ACTUAL 

PLLLLFE SETE 

SAPFLE STC CEVIATICN 0.4CE? 0.41C1 C23 489 €.35586 C3222 C2221 O.1E17 Co1EC4 
SSO @©eSOE8 G2eES8 E88 2 OF 288 62 2 2 24224 2 2 OC 62 OSSSE SE 6 SSS OSE SST OTS*ASESBSO*esdoanr se ee eeaenweoenoawoeetecsne cease oaene encase & ee eqwaeqne@e 
CLPLLETIVE TEST TIPE 40254 61 120642 17.13¢ ZLe4lS  —-2E0SCS 3 e410 43 FL 
CUPLLATIVE FAILLAES 227700 6.C2CC $2090 12.3000 Se2lCC 17.€2CC zl.C2¢c 24.2C0CC 


OOOO 099 O9F744 199 H1 1404 24004 FOO Fe OOH HHDTNHHHEDOEHODSOHHSOHHHSESPOMHHIERHL ISHS VASASAHVATASH OHS AHAOH SAS HODE SHED DTORES 


FeAce 9 10 Tk 2 13 14 Lt 16 

ACTLEL FLILLAE BOTE C.4CCc Q.4CCO 0.1600 c.tacc celadc OeLCCC ce1cce Ceicus 
FLAAREC TEST TIME C.4Cé3 0.4¢€23 1.6252 1.6252 126252 1.4252 LeéeS2 Te¢28e 
WECEL ESTINATE 0.4173 0.4176 0.2115 €.1607 C.1338 Ce1lLSl "0.1981 9.1C9$ 


PERCEATECE CF SCTLAL 
PETLLGE FETE 


SsPFLE $1C CEvVIATICA 0.1407 0. 142é 0.0741 €.0457 €.C335 C.C272 0.0228 C.c2c4 


CLPLUATIVE TEST TIbE 512373 $8.E&56 ge.818 1L&.4587 148.485 ITE.S15 ZC EW SSS e208 a677 


2 2828 2282 O82 E2848 2 2 OS29 S28 € 28 8429 C OH CE 2S 2SSESG 2 2 2S 8SE24E28 2EH8 22S SFE GEE £2 SSHSE BBV eo Seanee oesveseea SF 8S SSE STS SSBSEGeeneerT ees earcs & 


CUPLUPTIVE FATLUBES 27.9300 30 .0¢09 33-L7CC 2é .4600 3€.43CC 42.2°CC 43.2¢CC 4@.22CC 
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C4se 15 


S$ ITérs 

erase 1 2 3 4 4 é 7 8 
ACTLSL FEILLEE SATE €.7¢00 0.3¢cc €.0£00 C.£0CC c.2c¢e¢ Oy rece 0.4CECC G.2¢CC 
BLAAREC TEST TIPE 0.2222 0.5417 322804 €.3750 CeoETSE beteca C.4Cé2 0 f417 
WCCEL ESTIMATE 1.5236 0.9639 Q.1074 6.4027 22542 Q.1274 0.1524 CeoZélS 
EST{ecve EFECK es 117.57 217.67 114.79 19.47 47.1¢ $7.4€ *1.89 1227 
FERCENTZGCE CF &CTLat 

PEILLFE Fst 

SA2PGLE STC CEvIATICn 1.€¢$3 0.8239 0.1107 C.74C4 €.2842 Ceol72 Ce196A 32244C 
eee eed oft ©0222 @ SGOT DXA SEGS2Be" 2eee 22228222 os OO OS C8 SE Oe 2 0226 6 0028984665686 6040940080800 @ 2 @2@ 22 @@2e2e2 222 22202 222° 2 2°2022 0 
CUOPLUATIVE TEST TIPE 1.C74 0223 18.481 19.990 22.722 31.225 32.1222 33.575 
CLUPLLZTIVE FatluaeEs C.7SCC ieoeca 222200 22S550C 2.720¢ 4e4ECC §.07C0 §.$2¢¢ 
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Pracseé 9 10 12 12 hr 14 15 1é 
ACTL2U FAILLFE RATE €.29000 Q.1£¢9d 0.39900 ¢€.3000 Co2ecc c.l¢ccc g.1¢¢c €.1¢0¢ 
FLARAEC TEST TIPE C9826 TICE=s 0.5417 C-5417 C8126 1.252 1.252 1.¢e%¢ 
wCCEL ESTE rSTE 022333 Q.1¢28 0.2456 C2727 €.240S 0.1834 OLLIE €.1314 
E€StIwmeTE ERRCR AS 16.é3 28.£1 lg.13 $205 zC 47 €2.4C 21.75 31.42 
PERCERTECE CE ZCTLal 
BRILLFE ESTE 
SOPELE. STC CEVISTICA 0.2264 0.1616 0.2282 C.276E C2452 0.1256 C.CSS7 O.CEL! 
CLPLULZTIVE TEST TIRE 39.251 44.283 46. 1E6 492254 22.00£ 60 24ES €&.CS1 796.725 
CLPLL ATIVE PAeILuRes 6.5100 72-24C€0 8.3100 GeLCac § -&€100 LC 71CC UE GeiGtshs 17.¢S0¢ 
¥.€¢ 4.175 @.£C 12.2! 16.¢€°% 
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Case 15 


20 ITEerse 
Pract 1 2 3 4 5 é ? a 
ACTLZL FAILURE RATE €<7CI0 0.3¢€c0 0.0500 ¢.scac € 2000 0.10¢0 0.4000 0.220¢ 
GisprpEC TEST Tipeé C.2372 9.£417 32.2604 €.328¢ C.2126€ 1.4222 C4062 C.£417 
PCCEL ESTIMATE 1.0292 0.5C81 0.0643 €.1876 €21503 0.1¢€72 0.1500 0.1721 
E<TIPeTE ERMCR as 40.4é 65.26 68.63 62.49 24.45 7.1€ €2.44 42.64 
BERCEARTSCE CF AcTLaL 
FEULLEE BETE 
S8PFLE STC CEVISTICA 0.9288 — 0.2€2¢ 0.1227 C.3933 C.1465 0.céic 0.1125 9.1127 


SO OO 2 BSE OS CS 2 OS S28O OO 2 ED OS SD SS SD ES OS Oe 2 SS OC BOSS SO OO 2 SE O28 02 OSE SPIES S 22 SE Ge 024598028228 2 84 289 2828 OST 222222222 


CLPLLETINVE TEST TIVE 2-104 7.83 37.101 49.105 47.606 62.S7€ 64.304 T1.262 


O88 22 8288 O88 OHO 28 22S 8 CSD S82 SESS 98 202882522200 PP DEF OE DD EPPO OD OOD OE OS SOROS S SSS 2S ab 228822828 288282222 @ 


CUPLEZTIVE FRILLAES 1.7700 3-3SCC 4.8900 €.3500 72$2C0 $.3€C0 1¢€.98C9 VgeseGS 


PP OS OO O98 OE 28 228 2E2 4 8 2 FOS 6S SD OG 2 SS S28 SSS 6 OS 8 28 SE SE 6 2 62S 2 8 628 SS 28 O88 BESO 28S @ BOTS 8 O82 OO OTe SEBS O28 SBP ees eee. oe ee 





PRESOEPESISSELISIOLICLTEELE VILLI ICIOCCTIOCSCTICCVICLIOCVIS ILE SEP EPULLELESELISECACEREELESEESISLECOCLCOESSOCSOSIOCSSSOEO I TY 


PrAse ) 1¢ it 12 “43 14 is 16 

ECTLZL FAILLAE AATE c.2¢c¢ Colece ¢.3000 ¢.300C €.2¢00 6.1000 O-1ccC €-1¢9¢ 
FLAPPEC T6572 TIME 6.8126 1.0E25 0.5417 6.5417 €.E126 1.4262 1.6252 ieee 
PCCEL ESTiwaTE C2180) 0.1664 0.1685 €.1981 €.1861 O.1LSE4 €.14467 O.1228 


BSTIPETE BFFCR 2s 

PERCEAT“ECE CF SCTUAL 
PEILLEE FETE 

Sfmeve STC CEVIATICN 001424 0.11C¢® 0.1573 C.1275 €.C857 0.CéCS 0.C521 S.C472 

CUPLESTINE TEST Ties 18.788 88.725 93.707 $2@.702 1€6.248 121.2¢5 1274.¢27 21.182 


CLPLEETIVE FAILURES 13.990C 15.S7CC 17.18C0 1€.6800 2€.110C £1 .é6CC 23 2900 24.E7C 


POO 28 28 GPO 8 OS 6 STO S 6 OS OE 222 SO 2 2 OSE 2 SSS SS 620 SS S88 2922428 42 288 2 & CE 28S O82 S2 2842 S28 28 8082 @& 8 6228 68S SS8S G2 OO 2 2228828 22222 2 
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Cass 15 


20 ITEr?e 
Peace l 2 3 4 5 6 7 a 
ACTREL FATLLRE RALE ¢€.tcoc 0.3¢¢C ¢.0500 €.§900 €-2000 6.10c0 7.4cc¢ C.F SC 
FLAANEC FEST TLE 0.2222 0.5417 2.22C4 C€.325C CeF1ZE 1-€2£2 €.4Ceé2 ef417 
PCCELR ESTIMETE Oe TE22 6.3212 0.90647 C1195 Celi3467 O6.1CéES 0.1424 0.1é7? 
preceay, EFRCR as 8.85 17.¢c5 25-32 76-902 21.¢¢€ 6.24 €4,1% 44.22 
SERCENTICE ae SCTLAL 
PELQUrse be 


Sems_eE STC Céevirsticn C.42CS 0.15982 0.0377 C.2004 €.1081 0 -C4E9 0.0846 0.CSC4 
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BOS BS 222282 8 4 CSC OC S888 OF Sw 2 2 SS 6 S OS OSES 2S SSE O 04S BS OSSTS CS OSES S&S @ @ F OE S28S 06 OSE SBE ©2SS E28 SSE 8C8 SH © 24228 228209 2280 29286220 2e2ee 2 


CUPLESTIVE TEST Tire 42272 14.2€8 74.666 £0.098 §$£.034 1246.S$11 122.24¢€ 142.27€ 
CUPLUSTEVE FOILLRES 2-95C0 5-85C9 9.0c06 11.7600 14.880C 18.c5¢0 21.3200 24245CC 


FETS OTIS HEH SHEET HEF OHHE LESTER FH SECHHOESSTEF ESSE SHOES E SEF SHOTS SEES SOSH FOS OHSFEFOSEISCHHOHHSOK OHH SHH S ere HHS ODORS 


Brest 9 1¢ 1} 12 13 14 15 16 

SCTLSe FEICUKE RAleé C.2¢600 O.12CC 0.3000 €-300C Ce2ccc 0.1¢¢c0 0.1¢cco C.iccce 
SLAMNEC TEST TIPE. 0.8126 1.¢825 0.5417 C5417 CoEL2E 1-€252 1e€252 1.€Z%2 
PCCER ESTIMATE 0.1€S2 0.1573 OeL7469 0.1884 C-186S 0.1&¢2 C1475 C.127C¢ 


ESTIhsTE EAKCE 2? 13.41 4.&S 41.¢€5 37219 €.5% €4.17 47.92 244C4 
BERCENTSCE CF ACTUAL 
FEIRLEFE FETE 


S2PELE STC CEVIATICN 0.0S51C 0.0€C6 O.0EGE C.0683 C.C61E 0.C€494 0.0363 0.€220 


CUPLCSTIVE TEST TIVE 157.242 177.242 167.247 1$7.196 32.194 2420173 272.252 SCZ eICE 
CUPLESTIVE FAaLQURES 2724CCC 30.4200 3344100 2626600 TSeEICC 42-€6CC 45 450 48.420C 


t.c¢ ‘e75 8. 1G 12.2!2 = 1é.€¢ 
Man cules cee cesneenec HPIPSUASHSHSF SESH SHHSHSSCHS cee HESHHSS St ete easeeeeseeoseeosenignuesdsesetvsase 
leaC ¢ e 1.20 
@ ® 
ry ® 
e s 
4 e 
e ® 
r) o 
e e 
e e 
e @ © SPECIFIED FAILURE RATE e 
e e 064 
1.CC 9 2 © MSAN ESTIMATED FAILURE RATE : tet 
e e 
e e 
r) 2 
* oe 
~ . a 
e e 
= ’ » 
e e 
w o€C e ° 
& CoEC : 7.28¢ 
=a * . PY 
te o e 
= e s 
* cine e 
=] ‘ G 
w e ® 
- r e 
z ‘ ° 
-~ €.¢¢ @ ® €.44 
ts : 
¢ o 
() e ® 
z e eo 
o ‘ a e 
@ s 
= 9 « 
i=} ® s 
w a e 
- Ces e P C.&E 
=o ¢ s 
S e e e 
Fs : 
* e 
™ e Py * * ¢ e 
a ® 
e ® 
r ] 
e ® 
CosC 8 > a 4 o 0.29 
® - A A e 
@ e e s e s 
e e @ td o * 
@ a ® 
e od 4 4 4 ¢ 
e » 
e e ad 
9 e 
¢ 2 
C.C * ¢ Ce? 
CHa HOSE SHEET SHE HOSS OS HESCHREHHSHS LSSHSHSSH SH SSH SHSTESESEHOEHOCHE CHORES C HER EEE RHEE ERS 
1.ic. 45 8.50 122<5 14.69 
PEASES 


140 








Case 16 


§$ 1TEPs 

Peace t 2 3 rs 5 6 ? a 
ACTLEL FATLLOE PATE ¢.3c0c 0.3¢09 6.300 €.3000 ce 10cc O.1CCO 0.7100 O.70CC 
FLASKEC TEST TIME 0.5417 O-£417 9.5417 Co£41? Ce2aZze Ceodiz2 C~222? G.27227 
PCCEL ELTIMATE 0.6856 0.5¢é7 0.5452 €.5939 C 0636S 0.5478 1-C7E7 1.1°¢¢ 
ESTYwzvVe ERRER Bs 123.55 88.99 115.06 97.97 8.59 72.4C 46656 E2264 
BERCESTASE CE SCTLAL 

CZILLEE B 

SEPFLE STC CEVIATICN Co2824 O.3¢12 O.3E77 C.4844 C.74S4 OeET15 0.7522 CoEESS 
a SS PS SPOS SS OTE SSOP SC SCSBW st SO SP eVOetwwe ewes FBT VWetes Ses |] eo eweewes eowse comes seca eda Seene 422 @ee2oaeneoeaoa @weereand @e 282 
CLPLLATIVE TEST TIwE Zeca9 § C42 72-507 16.020 LL.115 12.15& 12.223 14.<88 
CLPLLATIVE FaLLlas¢ O.710C 1.42CC 22200¢ 7.9009 2.420¢ 4 04700 §.03CC 5.S1CC 


DEL REPEC RPE RE REE EEL REESE SE VEL RTE PERT ERE REE ED TES ERER SERS EFI ESS TES ER EER EERERERERRESSERR ERASE IEE 


FRASt 9 rc ht 12 13 14 1: 1é 
S4CTL2L FAILURE AATE C.4C0C 0.4CCO O.4CCC €-4000 €.C500 C.CSCcC 0.0500 0.cso" 
FLSPPEC TEST Tlre€ C.4C62 O.4C6E3 0.4063 0.4062 3.25¢4 3-224 z.25C4 3e<e5C4 
PCCEL ELTIMETE 0.8375 0.8254 0.7519 C.7233 0.1743 C.1CCS O.CTE4S O.CéCS 
ELTIKLTE EFFCH as 1€9.37 107.26 87.58 €0.82 244.68 1C1.05$ 260EE 20.87 
BERCEPTECE CF ACTLAL 

PLILUFE F2TE : 
SAP STc CEVLATICN O.675E O.€éCE O-611C € «5380 C1542 0-CESS 0.0913 C.C282 


CUPLLETIVE TEST Tine LéE.166 186.C5? 19.$4} <1-€04 2¢.765§ S21-$7C €71E4% 82.2335 
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CASE 18 


10 Liters 
Chace } 2 q 4 ia é 7 | 
ACTL2L FAILURE RATE c.3¢e¢ce 0.3¢¢c¢ 0.3000 €.3c0d¢ €.7ace Ge Icec 0.70C9 Pe7CN0, 
PLAAREC TEST TKPE 0.5417 0.5417 0.5417 of417 €-2222 €.72¢2 € 2222 Ceecce 
WCCEL ESTIPATE Ce4EO92 Ce SELES 024460 24523 € 4225 Ce TES C.78SC Q.2227 
ELTIPETE EFRCR Bs 26.2€ 27.219 48.66 SC .7T it.¢7 2.32 § £&é 1$.tC¢ 
FERCERTACE CF BCTLAL 
FEILUPE KETE 
S2rPPvE SIC CEVIATICN 022150 022724 Ce31T2 C2569 € 4405 G-4123 025224 Ce47T7T2 
CLPCLATIVE TEST Tire 4.527 9.$32 14.858 19.747 2t.905 24-Cél 26-213 28.2341 
CUPLLATIVE FAILURES 1.55C0 3.0<CC 4.760C &é-5660 7.S$7EC $-14C0 tc .4€CS 12.47EC¢ 


FHV DOSS OF F041 F4 149TH FFA HHH THT HE FEHEHHSDODVETEH OD SSH OSANSEHHHHESEOHSHOH HOE HVNSHHHSHH OH IS SRST ES HS HH HEHEHE 110848 


Prace 9 19 tt t2 i3 14 t? té 
SCTLAL FLILLRE RATE €.4¢0C 0.4CC0 0.4000 C-4000 €.6500 C.cfcc C.cfce c.cfac¢ 
PLadAecC TEST TEE 0.4Cé2 0.4663 0.463 €.4063 2.2504 3.2504 20254 3.2£C4 
PCCEL ESTIMATE QO.5E2t 0.4701 024579 €.4599 O-L327 6.0862 0.0674 0. CS8E 
ESTIseTE EPFCE £8 45 54% 17.23 14.46 12.74 LéS.4E 16045 23-€€ | Sey a 
PERCERTACE CF ACTLAL 

FETLLFE FATE 

S2PFLE STC CENISTICN 0.3305 6.1668 0.2¢51 C2847 C.CEZE 0.255 0.C2F? €.€724 
CUPLUZTIVE TEST TIPE 2Z-t2e 33.$5C€ 39.705 43.455 2.610 1c2.1%2¢ hee elie se TE 22SEC 


OOS S8 28 SS BSO OC SSS OC CO SS S 64 O8 OSS @ 2 SFOS SSCS] 6464948 22FE8 EEE SES £62424 6 OFS SEES E428 288 28S 624282828 2242428 SEZ E E8288 ©@TE8 2 42ESE42 48829388 


CLPLEZTIVE FAILURES 13.8200 15.cd€¢C 1€é.550C 1€.0790 1¢.4ECC 2C.€4C0 220226 F72.E7CC 
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Case 16 


20 17ERrs 
Orece 1 é 3 4 5 é 7 E 
ACTLAL FRILLAE RATE c.3C0C 0.3CCO 0.3000 €.3000 €.70C0 c.1CCC C.7CCC C-7C0C 
BLAARELC ELT TIPE 0.54113 0.3417 0.5417 €-5417 €.2222 €.2222 C2222 C.2322 
PCCEL ESTIMATE Co4185 0.3¢43 0.3517 €23462 C4536 0.6321 C6954 Je € E62 
ELSTIe&TEe EFFCR ef 39 04S 21.43 30.58 . 12.35 26 245 $276 c.ce 1.S€ 
BEACEATSCE CF ACTILAL 
PLILLFE BLTeE 
SAPFLE STC CEVIATICA €.2505 0.2188 O-3C11 ColELS C.295C Caates C.35€¢ €.2776 
CLPLLETINE TEST TIPE 9.556 19.SE&6 252890 29-5C8 44.20€ 4€.4%8 $2.T44 57.C3S 
CLOLLATINE FATALASS 3.0300 5 .$000 SelEce 14.0600 14.64CEC 16.32¢C ¢1.02C€0 23-¢SCC 


BOSS SOHO EHETE TEES TEREHEAEH SAE SCHHS LEH SHHSH SHES HEGEHESEHHBHHEHHHRHHOK OSS HEHEHE 1HTEO4HDHE HHTO HO LEKSO KEKE HHHHPITE OG 


Frece 9 10 11 12 13 14 té lé 
QCTLAL FAILURE RATE Ce4CCO0 0.4¢€¢0 0.4000 € 4900 C6500 0.c£¢0 —C.csce C.CECE 
BLAMDEC TEST TIME 0.4062 0.4€63 C.4C63 € 4063 2225C4 3eSC4 202 2C4 3-e22C4 
MCCEL ESTIFSTE 0.5228 0.4624 0.4861 C4394 C2125 C.C7S4 0 .C642 0-C$53 
EStyaeere EFECE 28 29244 15 .€0 21253 9e8é 2) Se SE€.ES <&.34 1¢C.51 
BCRCEATACE CF BCT al 

PETULFE Fst 

CEVELE STE CEVISTICN 0.2717 0.2<¢51 0.2259 C1740 C€.C792 0-24) 9.C242 €.C1e2 
COPLUATINE TEST TLE 64.865 T2.€S1 792547 €7.097 147.563 rik Py ee cé42T2E 327.&22 


CLPLLATIVE FATLLRES 2629300 29.2€CO 33.1200 26.0300 2€.5CCC 41.24C¢C 44.€2C0 47.2CCC 
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APPENDIX F 


Results of Test MOD4 


ieee Lest MODY 

Test MOD4 used the AMSAA model to estimate the failure 
rate of the items tested except as described below. A more 
detailed discussion of the modification can be found in 
Section V-D. 

Use of the AMSAA model was modified as follows: 


a. The point estimate of the failure rate, 


number of failures during a phase 


P total test time during a phase 


was used whenever cumulative test time over all items was 
less than 10 hours. 
b. The slope of the reliability growth pattern was 


estimated using the current point estimate, a5 and the 


previous estimates of the failure rate, rs and Y._5: The 


-1 


slope estimated was in two parts, 


ry > 
I 
am) 
fy 
= 
aN 
mn) 
j 
Ky > 


i-l 1-2 Dp inl 


The estimate of the slope was considered increasing if both 


parts of the estimate were determined to be increasing as 


follows; 
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> 


i-l 1-2 


and 


> 
> 


lV 
N 
FF 


If the slope was increasing, the point estimate, ae was 
used as the current estimate of the failure rate. Then, the 
AMSAA model was reinitialized, that is, time and failures 
prior to an increasing slope were not considered in future 
estimates made by the model. 
2. The Results 

Results for Cases 4, 6, 15, and 18 are presented here as 
representative of the effect the modifications had on the 
performance of the model. A detailed description of the 


format of the results can be found in Appendix A, 
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CASE 5 


5 ITP: 

frase 1 2 3 . 5 é 7 @ 
BCTLEL FLIALSE OTE C.7CCCE 0.52C9 0.4250 €-4C5C Ce4CCC €.40C6 €.4C70 0.49390 
FLLPPEC TEST TIPE Ce2222 0.2955 0.38424 C240]? €.4C€2 €.4Cé2 0.4263 Ce 4763 
MCCEL ESTIPetsE 1.32¢4 Le31E6 C.9475 €.8975 C-ECk7 C2 744C ©e71SE Cat lce 
ESTipere Esecn “ef £5.45 35.74% 7264 $9.37 ° €. SES ie 
CESCENTSCE “F aCTL al 1 12 1€1.¢€8 €¢ C1 7 €ee€€ 
FEILLEE Sete 

SEPELE STC CEWVISTICN C6578 0.7415 €.6545 €.4593 C4855 0.4814 0.5557 C4662 
SOF 8 0288 OB OS OOS EO OF OF OS BF 6 OEE SES 0246428 66 4 @O 28 —§ 26 0828S 8408 2S SBE BEB EHEKEBAEBeZeZeZ ee Cee UMA eOeZ Zee oe ee ewetw eee eze 
CLOLLETIVE TEST Tine 1.€74 22413 42202 £2C4S 72942 $ £42 11.¢$7 13.£890 
CUPLUSTIVE FOTLUFES €.64CC 1.42¢C 2.905¢¢ 24-8990 2.55C¢ 4.42€¢ £.04CC $.77CC 


BeBe 29 8246 88 6 82828 OS OS 2 24 OSE O28 © EBS 202 62446 © 6 8 08S 2EOT8 E8228 CO 22922842 2448 228428 © O28 28 248 287 SHES F SBT OSFB OOS C4Te See ee 
. 


DHSHS SATE EHE HE HEH HSSHHESHETS OMSEHOSHSSSHHEHETEHSHFSSTSE HSS SSAA SHHOHHSASTETCS SS HHH VISE HIESDH He SeHessseetgeseasteivreses 


reese S 1¢ ll 12 “13 *4 1¢ té 
ECTLEL FEILULSE GATE C.4CCC 0.4C€C2 0.4¢€00 €.4600 0.27£C @.2CCC CclCce 0.c£95 
CLSMAEC TEST TEE C2462 0.463 0.4C63 €24962 C.6334 -  Cob1ZE 1.6282 2,.Z5C6 
ete C.6CL6 9.6C15 0.6177 C.5977 C2544 C.412C Ge2rcc Ca lesz 
cz 2s £0.41 5C.27 54.42 45.42 £6.24 1Ce.Cl bic. cl 206.48 


EVITATICA GodEE4 922563 C23 €34 €.3770 C.246CE €.2572 Sef077 C.1427 


Sereee Pee Fae ese 22S 28 28 68228 2OSE8 28 OTB BPe FF oe ©SHSOSHBVSBSIs**® 2 @H2 24240 82S FEE 468048 2 SFO CFE T4SE8 O88 28 OTE ST O28 S8SECOBO SO TSEOTDSEOZESOS 


CLPLLETINE TEST Tit [2.442 [7.215 S.1Eé 21.C45 22.C75 2€.€6C 74.3726 45.704 


Se ®®e ® eaneSBet ea tse eanratse®@aata & emeereeeean eee enese S28 S28 88 © OG eee 22882888 82 B88 8468 2494 SST 82028 2 BSS TO See eFT Oe ee eee 2 = 


CLPOLLZTIVE FATLLEES oe5ECC 7.2€C9 @.occc &£.6900 €.23CC 1C.C1iCco 1¢.ASC0 1% .¢4CC 


208 22828228 28928462 SOHO G2 T8 FSO 848888 2884628228 88242828 298889288 28S 4 2 2892287 4E8 46246420882 242T7E9E 8 TE880 ee ereeste tT @we eee 2 ee @ 2 eteee0 


a te @. i’. n.7C $2.5° . be .€F 
PROCS SHEHHSE CFS HHESTHHS ETOH SHSHSHSHESOKRSSHSSCHSESSCSOHSSOH SS SSCSECwseeeH eg etertseheesestassugseeeyed 
je al 3.70 


© «© SPECIFIES FAILURE GATE 


Tect e * WEON ELTIMSTEC FAILURE MATE 


7.280 


C6 


= 046 


CC 


CROOK SASH AHPSHSSSHS SSH EF HSTHSEHSHSSHSHS SHH SSH ESOCESEH GOH ASCE HASH ARHRHYVSK SLE eEDET CHS Ee 
¢ 4eif @.SC L2-ét *¢.05 


SPECIFIECJDE SR ESTIMATEC FAILURE RATE 
ian! 
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ies ¢ Ct Cur ¢ ° 2 peases 
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Cése 4 


LG LTEMS 
FRESE 1 2 3 ry 5 é 7 a 
ECTLEL FELLLEE RATE Certcco 0.5469 0.4250 €.4050 C.4C0C CeeCCC C.4CCC 0.4096 
PLEPAEC VEST TIKeE Co2222 C.2¢es O.3E24% C4013 C.4C63 0.4Cé2 0-4Cé2 C.4C#2 
PECEL ESTIMATE ° C9736 9.7946 0.5631 C.6317 £626 £1023 0.4627 0.4726. 
CcyIertée eeeCn EF 24.12 44.48 22.40 6.51 C6 27286 23.42 1e,36 
BERCE*TECE CK ECTLEL 
FETLESE 22TE 
CLPELE SIC CENLATICN C.6C8S 0.2476 C.32C§ C.6257 Co4216 0.2226 0.22&S C.220é 
CLPLLETINGE TEST TIE 2.126 4.66? 8.46% 12.233 1*.88: 1$.¢22 22-4iC 27.°9S 
CLOLLETIVE FASLures 1.549C€ 228209 Hel1CC «.9000 eat ce 8.646 1c.t0ce 12.27CC 


SEO SEHK HETEH1FHT HES SETAUP HCA SPAS HOROLE ES SBDH LOST ESSE SHEVA PSV SHFERSEHSHRHEAAERIV ESTHET A SSH AAPS Se HOH eR He Hees eBeEtET+EH BES 


PRESE S 1c Vy ie 13 14 ue 1é 
QCTcdce FEILLSE RATE C.4CCC 3-4C€63 9.4¢99 C.490¢ C2786 C.<CC3 CeIlCCc SA (Se ke lle 
PLAAREC VEST TIME C.4Cé2 0.423 Co*C63 C4963 C4234: C8326 1.628% 3.2204 
PCLEL ESTEMSATE 0.4554 0.4719 004693 Ce474S C486! 0-276¢3 C2340 0.1286 
EStIecvée ererts gs Z3eEf 17.97 17.3? 18.74 78 0&4 €E.13 VIf.¢€ 167.2 
GzacerteCe fF sCTlet 

PETLLSES SSTE 

S2PSLe STC CEVISTICN 0.2722 0.2265 C2628 C2450 C 244C CeeiC3 0.122 0.€44? 
CLPt Le Tcvre TEST TIPE 2€6.4$43 34.723 38.4386 42.187 4€.178 §2.427 é€.f£E&§ Sheet 
CUPLLETIVE FLILUFES 2.97C0 14.4£C0 16-0100 37.5700 1¢.1éecce <C.E€CCC 42026C8 22.¢2C¢ 


ee @e ©8928 28 2888 27 S8 SES 2272888 8 T8824 O28 68 282 8 2 O28 42 2284282 0242462424248 228 6 24 246 242 42 224848488 2 SSS OTVSTFT SS O4088 €8 E88 887 T8888 888 O29 22 
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case) 4 


20 TERE 
Eye te t 2 2 4 5 é 7 A 
ACTL@e Fesruse eave C.7C30 9e31C9 0.425¢ €.405C C.400c¢ C-4CCC C.4CCe Ge-4Ccc 
FLA*SNEC TEST TIPE 6.2322 92258 0.3€24 € 4913 €.4C6é3 0.4CE? € 4662 C.4C62 
PCCEL ESTIMere CoTSIE Q.E124 0.5322 C.4E18 C.47C5 C4264 0 .45Cé Coder? 
Ssirerere FRACS 2 Ewes ies. 25222 14.02 17263 12.¢5 12.64 17.156 


¢€ 
FESCEPSECE CE eCTUl 
Fete Fe%eE : s 


Semecré SIC C€vtarican CoS1EC 0.2452 0.3€23 C2545 €.2521 C.22C5 Cel 825 9.1866 


CLPLLETIVE TEST TIME Sect? Go iS8 16.€74 £42303 2L.75E 25.227 4E.7465 54.) 86 
CUPLLUSTIVE FATLuRe? 29SEC 58éCC 8.87C0 WT.UL0C 14-71¢CC L7.7ECC 2C.e@3cC¢ 74.€70C 


AO OROTEEAATSEA AHR SHS SHA ARVO FS SSH ATOM HRG SHR SS HST AAS HSH HSS ISLE SOMSEHOHSEL OHS AES AAHOR SHS HOF SRSF answer eo Hse svoRseveserteve 


Grace S 1c ll 12 13 14 1s l6 

£CTLEL FAILLRS FATE €.4Coc 0.4¢C€ 0.4CCO €.4090 C.278C C.2€CC C.1209 0.Cf0C 
GLEAAZC FSET TIp|e Co4CE3 £.4CE? 0.4Cé2 C4762 C.4334 C.8t2é 1.€252 3.2804 
PCCEL ESTINGTE Oo427E 0.45C4 €.4331 C.4219 C o408E 0.2258 Cozl¢2 C.1262 
ECT heTE ECsCs B¢ $046 12.85 8.28 5.47 $.02 €4&.61 115.21 126.48 
SESCEPISCE CF ECTLet 

FeTigce sere 


Sepeue STC CENIATICA C.1L<78 O.1SES 0.1264 C1202 €.1133 O.CEE? 0 .CESE €.€387 


CUPCLSTIVE TEST Tire €1L.E7E 69.123 TE E72 €4.172 $2.184 1€7.154 P27 e222C 167.432 


CUPULETLVE FETLER ES 27-0¢CC€ 20.2¢C9 33.2300 TéeL70C 2§.C460C 4eoCECC 44 .ECCE 47.ECCC 


POOR OD 2289 299 £9 2228828 28H OSE 68 2E SS 242 224282 SBSEH8 OBO SSESEB SBS SHHRH VDSM_IA“AS 22228 2222428 22 2ES9 2282822828 22822 2282824280828 48 2S SSH O22 224822 Qe @Ganan2ene eae 
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C4SE 6 


S 1TERS 
Crack 1 2 3 4 ) ¢ 7 8 
ACTUAL FLILURE Fate Pet ed a |: eh 1 ee 0 
FLEPREC TEST TrHe 0.2222 902222 0d222 62322 0 CE7TT = Ca HCEZ «= CCE? = 403 
PCCEL EST HeTE 1.2652 9 bo4SES 203739 6404262352 EKO | CuSCKE C78 
CST IP27E ERC Ss G5.C2  - 16636 $6.28  10€.62 GC.74 166.51 226616 12.8¢ 
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Seise g *0 11 *2 32 4.4 15 vé 
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Case é 


10 ttere 

Frese i 2 3 -" q é ? a 
CCTUEL FELILLPE KaTE c.7¢6¢ 0.7¢€¢9 0.7CC0 €.70C0 c.70ce o.«ece C.4CCC ¢.6ccr 
FLAAAEC TSEL TiKE Coat O.2222 Ce2322 € 22322 Co2322 0.662 0.462 C.4C62 
PCCEL ESTIPSTE 6.9152 0.57¢3 0.8604 €.$337 C.£48s 0.5553 0.5€24 6.4492 
ESTIvETE EcECS Ze 22.2 38.62 29.05 22,28 Z1.22 4€.£2 22.76 1¢.¢7 
SERCERTECE CF ECTLEL 

PETLLse Bet: 

EPSce STC CEVISTICN €.5¢75 0.5922 C4066 C.4R42 C4578 Gle=651 22424 Coz17¢ 
CUPMLLATLVE TEST TLE Celsicn &.2t7 6.441 &.$§3 1€.725 14.455 L€.2&7 22.2532 
CUPLLETINE FEILUBES 13S0C 2.9260 4.310¢ 5.9200 ietece 6 .EECC $.528CC «LL. eee 


2208 8882S 2 828 2428 OS 26 82228888 2 OC 8 £228 2SESSE 24 628 22824242248 249 28 2242882 228 22224 642 2E 248 22 428 22989228 29 4 28 298 4228 © 2828782228 2 
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SOSOS HC SES HOT HSHSHSHORHEAHSRAAD SAMS SOKO AD SASHSHH SSAHOSS HA HS SSS FAFSA TS eSSSE SAV ESSA SSS SSUES AS es Ade daswa et ggtrtHedssadstoues 


Feast 9 1¢ tr 12 13 14 1é 16 

ACTLt FLILURE AATE C-4CCC 0.4¢€¢0 0.1000 €.1L00C ¢.100C 0.10¢€0 C.1CC¢C C.1€c¢ 
FLAAREC TEST TLE €.4Cé2 0.4¢82 1.6222 1.6252 1.6252 ° Toteec< * 6222 Leé282 
WCSEL SSTIM Ate 0.4457 0.42¢8 0.2285 ColLb4E €.1491 GeoLeEs€ C o11 25 0.°:¢9@ 
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